first three months of 1972. The method of average error still dominates, as is evidenced by its use in 45% of the sampled articles. All of the experiments in the sample that utilized this technique tested Ss individually. This method has been used to measure illusions of extent (Burnham, 1968; Coren, 1970b) , direction (Coren, 1969; Coren & Girgus, 1972) , and contour or curvature (Coren, 1970a) . A typical example of its use is found in Festinger, White, & Allyn (1968) among others. In this situation, the apparently longer half of a Mueller-Lyer figure is made adjustable in length. S's task is to set this adjustable portion of the figure until it appears to be equal in length to the apparently shorter half of the configuration. One persistent problem with the method of average error is the difficulty in constructing apparatus that permits variation of certain stimulus dimensions, such as curvature or shape.
The second most prevalent form of measurement in the sample is based upon S's ability to reproduce the perceived illusory distortion either by drawing it or by marking off an appropriate extent on a comparison figure. This method was employed in 12% of the sampled experiments. A typical example of its use in an illusion of extent is found in Erlebacher and Sekuler (1969) , who required Ss to mark off the apparent length of the shaft of a projected Mueller-Lyer figure on a line provided on a sheet of paper in front of them. Pressey and Sweeney (1969) have adapted this method to measure an illusion of direction. One of the advantages of the method of reproduction is that it requires little apparatus. In addition, it may be used for group presentations.
The methods of constant stimuli and paired comparison account for 10% of the studies surveyed. These methods usually involve successive comparisons of pairs of figures either against a standard or against other forms of the illusion. Typically, this procedure is used in attempts to demonstrate the existence of an illusion, and thus it is rarely used to measure the magnitude of the distortion as a function of various stimulus attributes. An example of this method is found in Bolles (1969) , who simply asks Ss to judge the apparently longer section of the Mueller-Lyer against the apparently shorter in order to ascertain whether the illusion still exists when the configuration is of sub foveal size. One of the problems with paired comparison methods is the large number of judgments (and hence exposures) needed to obtain accurate data. Since many illusions are known to decrement with repeated exposures (Coren & Girgus, 1972) , one is apt to get underestimations of the illusory effect using these techniques.
A technique that seems to embody some of the advantages of the method of average error but that requires less in the way of apparatus involves the use of a graded series of comparison stimuli. The S's task is to select the comparison stimulus that most closely matches the test stimulus along the critical dimension. This method closely resembles a recognition or multiple choice paradigm, since the S simply looks over the simultaneously visible array until he finds the comparison figure that he feels is most similar to the test element. This procedure was used in 7% of the studies sampled. An example comes from Virsu (1971) , who used the procedure to measure a curvature illusion by asking S to select a circle from a graded series of circles, all visible simultaneously. The selected circle was to look like a continuation of the degree of curvature of a previously viewed arc. One of the problems with this type of measurement lies in the fact that Ss tend to select items from the middle of the series. There is also a propensity to select the same stimulus repeatedly in order to maintain apparent consistency. Ease of presentation and adaptability for group presentations are obvious advantages of this method. Two subjective measurement techniques, which allow relative judgments but which, unfortunately, do not allow translation of responses into a physical metric, also appear in the sample. The first is a rating scale technique that asks S to choose a verbal label that most clearly describes the figure that he is judging. This technique accounts for 8% of the studies reviewed. Restle and Merryman (1968) use this procedure to measure the magnitude of the Baldwin illusion (a size contrast figure) . Ss are required to indicate whether the stimulus that they are viewing is "very long, long, moderately long, moderately short, short, or very short. .. The second subjective measure found in the sample is the method of magnitude estimation. This technique simply requires S to assign a number proportional to the perceived size, curvature, etc., of the critical element in the illusion figure. This technique, 
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A 00 B used either with or without a standard, accounts for 7% of the studies. An example of the use of this method is provided by Virsu (1967) , who measured the magnitude of the Mueller-Lyer, the filled space-open space illusion, a perspective illusion and a variant of the Ebbinghaus illusion. Ss were simply required to estimate the apparent size of the critical elements in centimeters. Both of these techniques can be used in group paradigms and require little apparatus.
The remainder of the sample consisted of one crossmodal matching study (Moses & Disisto, 1970 ) and a number of demonstrational papers that involved no direct measurements and account for the final 10%. It is of interest to note that only 9% of the studies surveyed tested more than one S per session, despite the fact that 44% of the studies sampled used methods that could easily be adapted to group presentation. This is probably due, at least in part, to a general suspicion about the adequacy and accuracy of group measures of illusion magnitude.
Given the variety of methods of illusion measurement found in this sample of the literature, it might be somewhat difficult for an investigator to decide among them, especially given the fact that few studies exist that test the relative efficiency of the various methods under comparable conditions and with comparable stimuli. In order o 0 00 0 o 0 to provide such a basis for choice, it seemed desirable to study systematically the sensitivity and efficacy of various measurement techniques in assessing parametric differences in illusion magnitude. As a secondary goal, it seemed desirable to assess whether measures of illusion strength suitable for group administration are presently available.
METHODS
Subjects Twenty-six undergraduate volunteers, participating for point credits in introductory psychology, served as Ss.
Stimuli
Since we are attempting to assess the usefulness of various methods used in parametric studies of illusion magnitude, two illusions whose magnitude can be varied systematically were selected: the Mueller-Lyer, which has long been known to vary in strength as a function of the angle between the wings (Lewis, 1909; Dewar, 1967) and the Ebbinghaus illusion (frequently called Titchener's circles), in which the apparent size of a central circle varies as a function of the size of a number of surrounding or context circles (Girgus, Coren, & Agdem, 1972; Massaro & Anderson, 1971) . These configurations are shown in Fig. 1 .
For the Mueller-Lyer, the apparently longer half of the configuration was used as a test stimulus. The shaft was 8 em long and the wings were 2 em long. Procedure The methods of measurement to be evaluated ithis study are the method of average error (adjustment), reproduction, selection from a graded series, rating scale, and magnitude estimation. These five methods represent the procedures used in 89% of the studies surveyed above, excluding those that utilized no formal measurement procedures.
Method of Average Error
For the Mueller-Lyer figure, Ss were required to adjust a variable line until it matched the length of a line distorted by the illusion. The variable line was drawn in black ink and set in a heavy pasteboard tongue and groove arrangement. A scale affixed to the sliding portion of the apparatus allowed readings to be taken in millimeters.
For the Ebbinghaus illusion, judgments were made by rotating a wheel that presented single comparison circles (with no surrounding circles) ranging in diameter from 8.0 to 19.5 mm in steps of 0.5 mm. The circles appeared one at a time in a 26-mm aperture cut into the apparatus.
Reproduction Method For the Mueller-Lyer, the stimuli were printed one to a page. On each page, a 12-cm line was placed 10 em down and somewhat to the right of the stimulus. S was required to estimate the apparent length of the shaft of the illusion by marking off the appropriate distance on this line. The procedure was similar for the Ebbinghaus figures, only here S was asked to indicate the apparent diameter of the test circle by marking off the appropriate length on the line.
Graded Series Method
Again, all test stimuli were printed one to a page. For the Mueller-Lyer, the set of comparison stimuli consisted of 27 line lengths (numbered 1 to 27) that ranged in size from 5.6 to 10.6 cm in 2-mm steps. The comparison stimuli were presented in an ordered array on a separate page, with the shortest line at the top of the page and the longest at the bottom. Ss Magnitude Estimation As in the rating scale procedure, each Mueller-Lyer stimulus appeared on the same page as an 8-cm standard, only now the standard was labeled are manifested; (2) whether the obtained results are stable enough to yield statistically significant effects as a result of the parametric manipulations; and (3) the nature of the relationship between the magnitude of the observed effects and the variability of measurement. We will consider each of these points in turn.
The first point concerns whether each of the methods produces the expected results. For the apparently longer segment of the Mueller-Lyer, the data of Lewis (1909) would lead us to expect that the apparent length of the shaft will decrease as the angle between the wings increases. For the Ebbinghaus figure, the extant data lead us to expect that the perceived size of the central test circle will vary inversely with the size of the surrounding circles.
Unfortunately the data cannot all be presented on anyone graph, since it is impossible to convert all of the data to any single metric. Although the method of average error, reproduction, and selection from a graded series all allow the direct translation of judgments into physical equivalents, the rating scale and method of magnitude estimation do not. For this reason, the data from the former three methods will be presented on one graph while the data from the latter two methods will be plotted on a separate graph. Figures 2a and 2b present the data from the MueUer-Lyer, and Fig. 3a and 3b contain the data from the Ebbinghaus figure.
It is clear from the figures that the expected ordinal relationships do appear in all of the measurement methods tested. All five methods show a decrease in apparent size of the Mueller-Lyer shaft with larger angles between the wings. Similarly, the apparent size of the central test circle in the Ebbinghaus configuration varies inversely with size of the inducing circles. The only perturbations appear in the Ebbinghaus figure where the methods of selection from a graded series and magnitude estimation fail to show a difference between the 18-and 23-mm inducers.
It is interesting to note that all of the curves for the Ebbinghaus figure show underestimation relative to the actual physical size of 14 mm, Thus, although the expected relative size changes appeared in the data, the usual absolute changes did not. However, as pointed out by Massaro and Anderson (1971) and Girgus etal (1972) , this probably indicates a constant error that is due to contextual effects operating on the comparison circles as well as on the test circles. These effects do illustrate that in situations B "100 units." Using this as a modulus, Ss were required to estimate the length of the shaft of the illusion in arbitrary units. A similar procedure was used in the Ebbinghaus illusion, only here the standard was a 14-mm-diam circle that was labeled "100 uni ts. " The stimulus materials were bound into booklets, each of which consisted of one set of illusion stimuli and one measurement technique, preceded by a page of instructions. Within each booklet the stimuli were randomly ordered, and the illusions and measures were randomly ordered per S. In addition, there were a number of interpolated filler tasks, such as line bisection of direction estimates. It was hoped that these would provide intervals between successive measures of the same illusion so as to minimize any decrement of illusion magnitude that might occur with prolonged or repeated exposures to the test configurations. Ss were tested in groups ranging from two to six in number and were allowed to set their own working pace. On two occasions during the session, as the S reached the end of a set of measures, he was stopped and individually tested on one of the illusions using the method of average error. One measurement was taken from each S on each illusion stimulus, under each of the five measurement procedures.
RESULTS AND DISCUSSION Our consideration of the efficiency of these five methods of illusion measurement must focus on three issues: (1) were asked to remove this page from their booklets so that it could be viewed easily at the same time as the illusion stimuli. They were required to judge which line most closely approximated the length of the shaft of the illusion figure. For the Ebbinghaus illusion, the graded series consisted of 17 circles, numbered from 1 to 17 and arranged in a similar graded series, with the smallest circle at the top of the page and the largest at the bottom. The circles ranged in size from 11 to 18 mm in steps of 0.5 mm, Ss were required to indicate the number of the circle that most closely approximated the size of the test circle.
Rating Scale For the Mueller-Lyer, in addition to the single illusion stimulus on each page, 10 em down and to the right of the figure there appeared an 8 em line (equal in length to the shaft). At the bottom of the page there was a 7-point rating scale labeled "very much larger, . much larger, larger, equal, smaller, much smaller, very much smaller." Ss were required to check the point on the scale appropriate to their perception of the relative size of the illusion test element compared to the standard. A similar procedure was followed for the Ebbinghaus figure, only here the standard was a 14-mm-diam outline circle. squares of the means, over the total sum of squares, with both values corrected for the magnitude of the error variance (Hays, 1963) . The column marked w' .in Table 1 contains these values. For the Mueller-Lyer, the indication is that the method of average error demonstrates a very strong effect, producing results in which the variation of angles explains some 23.3% of the variance. The method of reproduction and magnitude estimation are only one-third as efficient, handling some 7% of the variance, and the graded series explains only 3%. (Note that, for nonsignificant F ratios such as that manifested by the rating scale data, w 2 is automatically set to zero.) For the Ebbinghaus figures, the graded series is actually the most efficient, with 18% of the variance explained by size of the inducer, and the method of average error and rating scale are equivalent to each other, with 14% of the variance explained. Some conclusions and recommendations can be drawn from these data and their analysis. First, it must be made clear that the observers who participated in this experiment were experimentally naive and made only one judgment per figure per measure. Thus, we are utilizing a very stringent set of conditions to measure the effectiveness of the techniques. The fact that four out of five measures produced the expected results at acceptable levels of statistical reliability for each illusion is heartening. The failure of one of the subjective measures to demonstrate reliable changes in illusion magnitudes for each of the illusion figures is distressing but may reflect the necessity for pretraining before the actual measurement session rather than any inherent weakness in these scaling procedures. Note, however, that any such pretraining may introduce the problem of illusion decrement. In addition, the fact that the subjective techniques of rating scale and magnitude estimation do not provide a means of translation of the data back into corresponding physical units renders it difficult to compare results of studies conducted under differing conditions or in different laboratories.
Since the methods of average error, Eyman (1967) who reports that sophisticated and unsophisticated observers, tested on a magnitude estimation task, tend to give the same mean judgments but significantly different variability.
Studies such as these might lead us to expect more stable results on the subjective scales if Ss were initially pre trained or practiced. The necessity of such practice, however, presents the possibility of contamination of the data by illusion decrement with exposure, such as that observed by Coren and Girgus (1972) . This would tend to attenuate the magnitude of the illusions and hence reduce any observed parametric variations in the strength of the distortion.
One comparison of great interest in assessing the efficacy of any measure is the question of the relationship of the measured magnitude of the effect (the variability of the means) and the overall variability of measurement (the variability of the Ss). Simply looking at the standard deviations of the scores does not give this answer. However, the answer to this question may be obtained by computation of w', which is an estimate of the amount of variance explained and is obtained essentially by a ratio of the sum of where absolute measurements are needed (rather than relative illusion magnitudes), a control figure with no inducing components should be included to provide a baseline.
The statistical results do not show as consistent a pattern as do the figures. Table 1 presents the appropriate comparisons. The column marked "F" indicates the F ratios computed from analyses of variance performed on the data from each illusion and each measure. These represent the main effect of angle size for the Mueller-Lyer and of inducer size for the Ebbinghaus figure. For the Mueller·Lyer, all of the methods show the expected variation of shaft size to be significant at p < .05 or better, except for the rating scale data. For the Ebbinghaus configuration, all of the methods show statistical reliability at the 5% level or better except for the magnitude estimation task. The reasons for this relative insensitivity of the subjective scales are not immediately apparent. Certainly it is not the case that Ss did not understand the task, since all those interviewed after the sessions reported no difficulty whatsoever. It is possible that experimentally naive Ss may need some practice with these subjective procedures in order to establish some frame of reference or internal modulus. This is supported by the fact that Restle and M@rryman (1968) , when using a rating scale to measure the magnitude of the Baldwin illusion, felt it necessary to provide a practice series of judgments on the entire set of stimuli, before collecting his data. Following this practice run, fairly stable data were obtained. A more direct test of the stability of subjective reproduction, and selection from a graded series produced statistically reliable results for both configurations, one would be tempted to designate them as the methods of choice. The expected, overwhelming superiority of the method of average error, based upon its traditional use whenever possible, even in the face of complicated apparatus difficulties, did not emerge. Under the conditions tested, the methods of reproduction or selection from a graded series seem to give nearly equivalent results to the method of adjustment. These latter two methods have the additional advantages of requiring little apparatus and being suitable for group testing. The fact that these data were actually gathered in a group testing situation indicates that the traditional distrust of group measures may be unwarranted, at least if the appropriate measurement techniques are employed.
In sum then, we can conclude that the methods of average error, reproduction, and selection from a graded series are efficient measures of variations in illusion magnitude, and, at least under conditions where no pretraining is available to the observers, these measures are probably preferable to rating scales or the method of magnitude estimation.
